Aim: The analytical method has been developed to evaluate the efficacy of the cleaning procedure of all the equipment involved in the production of final active ingredients. The choice of the methodology is based on the production method and on the intrinsic properties of the products. For this validation, high-performance liquid chromatography (HPLC) method has been chosen. Materials and Methods: The HPLC chromatographic separations were achieved on (100 mm × 4.6 mm), 3.5 µm make: Phenomenex column employing acetonitrile and 0.5% orthophosphoric acid aqueous solution in the ratio of 35:65 as mobile phase with flow rate 1.0 mL/min was chosen. The column temperature was maintained at 30°C, and a detector wavelength of 230 nm was employed. Results and Discussion: The method was successfully validated by establishing system suitability, specificity, linearity, accuracy, limit of detection (LOD), and limit of quantification (LOQ) as per ICH guidelines.
INTRODUCTION
A dapalene is a synthetic naphthoic acid derivative with retinoid activity. [1] Adapalene is used in the treatment of acne vulgaris. [2] Acne vulgaris was not cured, but it will control the acne with adapalene. This results also will be clearly seen after the prolong usage. [3] Oral antibiotics is used to kill the bacteria in the body, but on prolong usage, this antibiotics causes side effects and shows adverse affect on main organs in human body. [4] To overcome these situations, topical medicines are very useful in the field of dermatology. [1] At present, adapalene was available as gel in different compositions and combination with another molecule. Treatment with topical retinoids, such as adapalene, will lead to good results for acne vulgaris with less side effects and high efficacy. The accumulation of adapalene on skin is very low, decreased the risk of side effect, and works effectively on targeted areas. [5] Cleaning validation is documented proof with high measure of assurance that one can always clean a system or piece of equipment to predetermined and suitable limits. [6] Cleaning validation is especially applicable to the cleaning of method manufacturing apparatus in pharmaceutical ORIGINAL ARTICLE enterprise. It is integral to have effective cleaning programs in place because of regulatory requirements. [7] Cleaning is among the imperative strategies in pharmaceutical manufacturing. Equipment contamination may just come from any of the substances which have been in contact with the equipment surfaces. [8, 9] It is crucial to restrict carryover of trace quantities of either active or different substances from one batch to yet another to preclude go-illness of the following product. [10, 11] Consequently, equipment used in pharmaceutical manufacturing has got to be cleaned meticulously, and the cleaning approach used ought to be validated. In the pharmaceutical enterprise, just right manufacturing practices (good manufacturing practice [GMP] ) require that the cleaning of drug manufacturing equipment be validated. Many unique validation methods can exhibit that the manufacturing gear is cleaned and just about free from residual energetic drug components and all cleaning agents. [12] [13] [14] Common analytical procedures in the validation procedure incorporate high-performance liquid chromatography (HPLC), spectrophotometry (ultraviolet/ visible [UV/Vis]), and total organic carbon. HPLC and UV/Vis are categorized specific methods that identify and measure appropriate active and substances.
In the present study, a novel HPLC method was developed and successfully validated for adapalene. As on date, there were no research articles for cleaning validation of adapalene.
MATERIALS AND METHODS

Standards, reagents, and samples
The analytical standard of adapalene (99.3%) was obtained from Sigma-Aldrich. The HPLC grade solvents, i.e., orthophosphoric acid and acetonitrile were purchased from Rankem, New Delhi.
Experimental
HPLC chromatographic parameters
The HPLC-UV system used, consisted Shimadzu HPLC with LC-20AT pump and SPD-20A interfaced with LC solution software, equipped with a reversed-phase C18 analytical column of 100 mm × 4.6 mm, and particle size 3.5 µm (Phenomenex). Column oven temperature was maintained at 30°C. The injected sample volume was 10 µL. Mobile Phases A and B was acetonitrile and 0.5% orthophosphoric acid (35:65 [v/v]). The flow rate used was kept at 1.0 mL/min with a detector wavelength at 230 nm. The retention time of adapalene about 4.4 min.
Method validation
Method validation ensures analysis credibility. In this study, the parameters such as specificity and selectivity, linearity, precision, accuracy, limit of detection (LOD), and limit of quantification (LOQ) were considered. The accuracy of the method was determined is to verify the recovery and the release efficacy of the swabs and rinse used in the cleaning operation. Linearity was determined by different known concentrations (2.5, 5.0, 0.5, 10.0, 15.0, and 20.0 µg/mL) which were prepared by diluting the stock solution. The LOD (µg/mL) was determined as the lowest concentration giving a response of 3 times the baseline noise defined from the analysis of control sample. The LOQ (µg/mL) was determined as the lowest concentration of a given adapalene giving a response of 10 times the baseline noise.
RESULTS AND DISCUSSIONS
Specificity and selectivity
Procedure
The procedure was to demonstrate the discrimination of the analyte in the presence of others. Test samples containing each analyte then test sample without analyte (blank).
Take 10 mg of each product in each 100 ml volumetric flask and bring to volume with methanol. Take 10 ml of each solution in each 100 ml volumetric flask and bring to volume with methanol. Separately, inject once 10 µl of each solution.
Selectivity
Take 10 ml of each solution in a 100 ml volumetric flask and bring to volume to 100 ml with methanol (This solution contains 10 µg/mL of each substance). Inject 6 times 20 µl of this solution.
Since one product is utilized for this validation, six results of precision were used instead.
Linearity
The linearity was determined according to the ICH guidelines. The chosen concentration as 100% was 10 µg/ml of each product. The scheme carried out was the following.
Dilution scheme:
• Sample weight in 100 ml -Solution A • 1 ml solution A in 100 ml -Solution B. 
Test solutions
25% solution
Take 25 mg of each product in a 100 ml volumetric flask and bring to volume with methanol. (Solution A). Take 1 ml in a 100 ml volumetric flask and bring to volume with methanol.
50% solution
Take 50 mg of each product in a 100 ml volumetric flask and bring to volume with methanol (Solution A1). Take 1 ml in a 100 ml volumetric flask and bring to volume with methanol.
100% solution
Take 100 mg of each product in a 100 ml volumetric flask and bring to volume with methanol (Solution A2). Take 1 ml in a 100 ml volumetric flask and bring to volume with methanol.
150% solution
Take 150 mg of each product in a 100 ml volumetric flask and bring to volume with methanol. (Solution A3). Take 1 ml in a 100 ml volumetric flask and bring to volume with methanol.
200% solution
Take 200 mg of each product in a 100 ml volumetric flask and bring to volume with methanol (Solution A4). Take 1 ml in a 100 ml volumetric flask and bring to volume with methanol.
The linearity solutions were injected thrice, and details were given in Table 1 , and representative chromatogram was showed in Figure 1 .
Precision: Repeatability
This was determined on six different solutions having a concentration of 10 μg/ml of each product (100%).
Dilution scheme:
• 100 mg in 100 ml -Solution A • 1 ml Solution A in 100 ml -Solution B.
Precision solution
Take 100 mg of each product in a 100 ml volumetric flask and bring to volume with methanol. Take 1 ml in a 100 ml volumetric flask and bring to volume with methanol. The details were given in Table 2 .
Precision: Intermediate
This was determined on six different solutions having a concentration of 10 µg/ml of each product, performed on different days, and using fresh mobile phase.
• 100 mg in 100 ml -Solution A • 1 ml Solution A in 100 ml -Solution B. 
Precision solution
Take 100 mg of each product in a 100 ml volumetric flask and bring to volume with methanol. Take 1 ml in a 100 ml volumetric flask and bring to volume with methanol. The intermediate details were given in Tables 3 and 4 .
Accuracy
The purpose of determining accuracy is to verify the recovery and the release efficacy of the swabs and rinse used in the cleaning operation. The determination of the recovery factor is obtained using the following scheme:
• Transfer a known quantity of product, possibly dissolved in a volatile solvent, upon a surface which is similar to that used in the production plant. It is important to take care to distribute the product homogeneously on the surface • Carefully eliminate the solvent from the surface to prevent loss of product from the surface • Proceed to the mechanical cleaning of the surface (swab) or rinse as is described in the protocol using the identified solvent • For standard solutions, one may use the means of peak areas obtained in precision -Intermediate precision results • Extract with the swabs and determine the quantity of substance removed according to the analytical method. The percentage recovery obtained represents the recovery factor of the solvent to be used in the final calculation of the residual quantity of substance present in the equipment used for synthesis • Repeat in triplicate the operation described with all surfaces with which product has come in contact.
Solution to be used: Use 1 ml of each solutions (Solution A1 50%; Solution A2 100%; and Solution A3 150%) prepared for the determination of linearity at 50%, 100%, and 150%. The swab and rinse details were given in Tables 5 and 6 .
Accuracy: Glass lined
50% solution
• Swab -Take 1 ml of Solution A1. Extract the swab with 100 ml of methanol • Rinse -Take 1 ml of Solution A1. Rinse with 100 ml of methanol.
100% solution
• Swab -Take 1 ml of Solution A2. Extract the swab with 100 ml of methanol • Rinse -Take 1 ml of Solution A2. Rinse with 100 ml of methanol.
150% solution
• Swab -Take 1 ml of Solution A3. Extract the swab with 100 ml of methanol • Rinse -Take 1 ml of Solution A3. Rinse with 100 ml of methanol.
The swab and rinse recovery details were given in Tables 7 and 8 .
Accuracy: Steel
50% solution
100% solution
150% solution
• Swab -Take 1 ml of solution A3. Extract the swab with 100 ml of methanol • Rinse -Take 1 ml of solution A3. Rinse with 100 ml of methanol.
The swab and rinse recovery details were given in Tables 9 and 10 .
Accuracy: Rubber
50% solution
100% solution
• Swab -Take 1 ml of Solution A2. Extract the swab with 100 ml of methanol • Rinse -Take 1 ml of Solution A2. Rinse with 100 ml of methanol. 
150% solution
The swab and rinse recovery details were given in Tables 11 and 12 .
LOQ and LOD
The LOQ is at least 1 µg/mL. Dilute 10 ml of linearity solution A at 100% in 100 ml of methanol. Inject 6 times 20 µl of this solution. The LOQ and LOD details were given in Tables 13 and 14 , and representative LOQ chromatogram was showed in Figure 2 .
The LOD is at least 0.25 µg/mL.
Inject 10 µl of solution used for the LOQ.
Calculations
The quantity of the active ingredient is determined according to the sampling procedure. The assay of the active ingredient is calculated by comparing the peak area, applying the formulas: Rinse Ac*C As ug mL in wash = / Where, Ac: Area in sample solution, As: Area in standard solution, C: Concentration standard solution (µg/mL).
Calculation µg/mL in product based on rinse, 
CONCLUSIONS
The method developed for quantitative determination of adapalene residues in clean samples. 
